1. Introduction {#s0005}
===============

Amphetamine, chemically, alpha-methylphenethylamine belongs to the phenyethylamine class of substances known for their potent central nervous system (CNS) stimulating action. Therapeutically, it is used for the treatment of attention deficit hyperactivity disorder (ADHD), obesity and narcolepsy (sleep disorder). Sometimes, it is prescribed off-label for the treatment of chronic pain as well as for depression ([@b0140], [@b0085], [@b0035]). Amphetamine was first discovered in the year 1887 and generally exists in two enantiomeric form, dextroamphetamine and levoamphetamine. It is the parent compound of several structurally related derivatives which have similar CNS stimulating action. It is also chemically and structurally related to several neuromodulators produced in our body such as phenylehtylamine and *N*-methylphenethylamine.

Amphetamine and its congener methamphetamine ([Fig. 1](#f0005){ref-type="fig"}) are identified as one of the most commonly used illicit drugs owing to their psychostimulant properties leading to mood elevation (euphoria) as well as increased self esteem and physical and mental capacity. The major mechanism by which the amphetamine-like substances act is their ability to stimulate the release of newly synthesized dopamine from the dopaminergic neurons ([@b0140]). The legal restrictions for these drugs are because of the dose dependent serious toxic effects such as hallucinations, confusion, tremors, cardiac arrhythmias and hypertension. Moreover, these drugs are known for the development of physical dependence and tolerance to the users.Fig. 1Structures of amphetamine and its congener methamphetamine.

The theophylline derivative of amphetamine, known as fenethylline hydrochloride shows similar effects to that of amphetamine and is marketed as "Captagon". It was generally used to treat the hyperactivity disorders such as ADHD, but is also a drug of abuse and is no longer produced today or used for therapeutic purposes ([@b0145]). Primarily, Captagon has been marketed in Middle Eastern Countries including Saudi Arabia, Qatar and Kuwait, where it is very popular among the adolescents ([@b0065], [@b0075]). Previously, Alabdalla et al conducted the study to determine the chemical composition of counterfeit captagon tablets from Jordan ([@b0010]) using GC--MS and reported the absence of fenethylline in all the tablets, whereas, amphetamine was detected in the tablets along with several other additives. Similarly, the illegal productions of tablets having captagon logos were discovered in Turkey ([@b0130]) and Serbia ([@b0115], [@b0065], [@b0075], [@b0120]), where the identification of amphetamine and other additives were performed using FT-IR and GC--MS techniques. The analysis of these counterfeit captagon tablets has revealed the presence of amphetamine and its derivatives with absence of fenethylline.

In continuation to the ongoing analysis of illegal products in collaboration with Poison Control and Medical Forensic Chemistry Center of Jazan ([@b0005], [@b0020]), the analysis of seized tablets from Jazan province of Saudi Arabia for the determination of amount of amphetamine and methamphetamine present in each tablet was intended to perform using a fast and validated LC-MS/MS method.

2. Materials and methods {#s0010}
========================

2.1. Chemicals and reagents {#s0015}
---------------------------

The vials containing standards (1 mg/mL) for each analyte amphetamine and methamphetamine and their internal standards (amphetamine-D5 and methamphetamine-D5) were purchased from Lipomed AG (Cambridge, USA). Dichloromethane, isopropyl alcohol, ammonium hydroxide, methanol, acetic acid and acetonitrile were purchased from Sigma Aldrich (Germany). All chemicals were of HPLC grade. De-ionized (DI) water was prepared using Millipore purification system. SPE cartridges (CSDAU203) were purchased from United Chemicals Technologies (Philadelphia, USA).

2.2. Collection of samples {#s0020}
--------------------------

Samples were seized and collected by local police by raiding vehicles at the border of Saudi Arabia and Yemen as well as inside the cities of Jazan province. Tablets were obtained from three cities of Jazan Province, Ahad Al Masariha, Al-Darb and Gizan. Randomly 10 tablets from each city were collected for analysis. Tablets were seized and sent to the Poison Control and Medical Forensic Chemistry Center of Jazan for subsequent analysis of amphetamine and methamphetamine contents in the tablets. Samples were coded according to the name of cities as **A1-A10**, **D1-D10** and **G1-G10**.

2.3. Preparation of standard solutions and calibration curve {#s0025}
------------------------------------------------------------

For the preparation of calibration curve, working solution containing amphetamine and methamphetamine at concentration 10 µg/mL in methanol was prepared from amphetamine and methamphetamine stock solution (1 mg/mL). Calibration curve was plotted using dilutions of 50, 100, 250, 500, 1000 and 2000 ng/mL concentration. The concentrations of the internal standards in the calibration curve solutions, quality control samples and the treated sample for injection were 375 ng/mL and 1000 ng/mL for amphetamine and methamphetamine respectively.

2.4. Sample preparation {#s0030}
-----------------------

Samples were extracted by solid phase extraction method for unknown screening using SPE cartridge ([@b0150]). The weight of tablets were found to be in the range of 159--175 mg with an average weight of 167 mg. Briefly, half tablet was dissolved in 3 mL of methanol and two aliquots of 100 µL were taken in two separate 4 mL glass tubes A and B for amphetamine and methamphetamine analysis respectively. Subsequently, 1 mL deionized water and 1 mL phosphate buffer (pH 6) were added to each tube and mixed. Further, to solution A, 100 µL of internal standard amphetamine-D5 solution (500 μg /mL), and to solution B, 40 µL of methamphetamine-D5 internal standard solution (250 μg/mL) solution were added and mixed properly. The SPE cartridge was pre-conditioned with 3 mL methanol followed by 3 mL deionized water and 1 mL phosphate buffer (pH 6). Thereafter, the samples, calibrators and QC samples were loaded and eluted. The SPE cartridge was rinsed with 3 mL deionized water, 1 mL of 0.1 M acetic acid and 3 mL methanol. It was then allowed to dry under nitrogen stream using TurboAir evaporator at \< 40 °C. The compounds of interest were eluted into clean 6 mL glass tube using 3 mL of a mixture of dichloromethane, isopropyl alcohol and ammonium hydroxide (78:20:2). The elution solvent was then evaporated under nitrogen stream and the residues thus obtained were reconstituted by 200 µL of mobile phase (0.1 M ammonium format buffer (85%) and 15% acetonitrile with 0.1% formic acid). Further dilutions were made to measure the target drug concentration from calibration curve. For amphetamine analysis, 150 µL of solution A was taken in a 100 mL volumetric flask and the volume was made up using mobile phase (diluted 666.66 times). Similarly, for methamphetamine analysis, 200 µL of solution B was taken in a 10 mL volumetric flask and the volume was made up using mobile phase (diluted 50 times).

Three quality control (QC) samples of concentration 1800 ng/mL (HQC), 900 ng/mL (MQC) and 100 ng/mL (LQC) for each analyte were prepared and used to validate the whole method. An aliquot of 200 µL of QC sample was taken and introduced for solid phase extraction method as mentioned above. The residues were reconstituted by 200 µL of mobile phase and used directly for analysis without further dilution

2.5. LC-MS/MS analysis {#s0035}
----------------------

The analysis was carried out using LC-MS/MS system consisted of a LCQ Fleet Single quadrupole Ion Trap Mass spectrometer (Thermo Scientific) equipped with Thermo Finnigan Surveyor MS Pump and Thermo Finnigan Surveyor Autosampler.

### 2.5.1. Chromatographic separations {#s0040}

The chromatographic separations were obtained using a validated LC method which was developed in our lab and is used for the routine analysis of amphetamine and related compounds ([@b0105]). Aliquots (10 µL) of samples, calibrators and quality controls were injected and the analytes were separated on a Hypersil GOLD column (150 × 3 mm i.d.: 5 μm, Thermo Scientific, USA). The compounds were eluted by isocratic mobile phase made from 85% of 10 mmol ammonium formate buffer and 15% of 0.1% formic acid in acetonitrile. The total run time was 12 min with a flow rate of 0.3 mL/min.

### 2.5.2. Mass spectrometry conditions {#s0045}

After chromatographic separation, amphetamine, methamphetamine and internal standards (amphetamine-D5 and methamphetamine-D5) reached the Electrospray Ionization (ESI) interface and positively charged. The ESI conditions were 5 kV spray voltage, 275 °C capillary temperature, 50 V capillary voltage, 110 V tube lens voltage and 30 arb flow rate of nitrogen sheath gas. The analysis was performed in the multiple reaction monitoring (MRM) mode, and the following transitions: *m*/*z* 136 → 119 and *m*/*z* 136 → 91 for amphetamine, *m*/*z* 150 → 119 and *m*/*z* 150 → 91 for methamphetamine, *m*/*z* 141 → 124 for amphetamine-D5 and *m*/*z* 155 → 121 for methamphetamine-D5 were monitored. Helium gas was used as fragmentation gas in the Collision-induced decompositions (CID). The collision energy (CE) values were found to be 19, 23, 20 and 23 eV for amphetamine, methamphetamine, amphetamine-D5 and methamphetamine-D5, respectively. The above method was validated for amphetamine quantitation in Jazan poison control center with LOD 13 ng/mL and LOQ 40 ng/mL.

2.6. Hierarchical cluster analysis {#s0050}
----------------------------------

The obtained analytical data were analyzed using NCSS statistical program 2019 Version 19.0.3. (NCSS LLC, Utah, USA). A widely employed multivariate Chemometric statistical analysis known as Hierarchical Cluster Analysis (HCA) was employed to interpret the data considering amounts of amphetamine and methamphetamine as variables expressing 2 columns and tablet samples constituting 30 rows. The analysis was performed to determine significant groups/clusters of samples having similar characteristics, which could have originated from a single source. Hierarchical cluster analysis was used to categorize the potential source of the tablets. Dendrogram plot was used to assess the cohesiveness of the clusters formed and can provide information about the appropriate number of clusters to keep. This plot was built using agglomeration schedule and average linkage. The used clustering method was unweighted pair-group (group average) with a Euclidean distance type and standard deviation as scale type. The two variables, amphetamine and methamphetamine contents were analyzed in all 30 samples. Grouping was done on the basis of similarities between the samples using the statistical software.

3. Results and discussion {#s0055}
=========================

The amount of amphetamine and methamphetamine in the tablet samples were analyzed using the LC-MS/MS method developed in our lab ([@b0105]). This method has been used for the routine analysis of amphetamine and related compounds. This method was continuously validated using different QC samples and the validation parameters were within acceptable limits. Amphetamine-D5 and methamphetamine-D5 were used as internal standards for the quantification of amphetamine and methamphetamine, respectively. Calibration curve was plotted using standard amphetamine and methamphetamine over the range 50--2000 ng/mL and a straight line was obtained with R^2^ value 0.9964 ([Fig. 2](#f0010){ref-type="fig"}) and 0.9946 for amphetamine and methamphetamine respectively. Ten samples from each city were analyzed, and for each sample, amount of amphetamine and methamphetamine were calculated using the internal standard. The retention times (RT) for internal standard ranged between 6.50 and 6.58 min, however, amphetamine and methamphetamine were observed at RT 6.5--6.6 and 7.0--7.1 min. respectively. [Fig. 3](#f0015){ref-type="fig"}, [Fig. 4](#f0020){ref-type="fig"}, [Fig. 5](#f0025){ref-type="fig"} shows the representative chromatograms obtained for samples, **A1**, **D1** and **G1** obtained from cities Ahad Al Masariha, Al Darb and Gizan respectively.Fig. 2Calibration curve obtained for standard amphetamine and methamphetamine over the range 50--2000 ng/mL.Fig. 3LC-MS chromatograms obtained from sample (**A1**) procured from Ahad Al Masariha city. (A) Represents the chromatogram for Amphetamine at RT 6.55 min, (B) represents the chromatogram for Methamphetamine at RT 7.06 min and (C) represents the chromatogram for internal standard Amphetamine-D5 at RT 6.53 min.Fig. 4LC-MS chromatograms obtained from sample (**D1**) procured from Al Darb city. (A) Represents the chromatogram for Amphetamine at RT 6.61 min, (B) represents the chromatogram for Methamphetamine at RT 7.07 min and (C) represents the chromatogram for internal standard Amphetamine-D5 at RT 6.58 min.Fig. 5LC-MS chromatograms obtained from sample (**G1**) procured from Gizan city. (A) Represents the chromatogram for Amphetamine at RT 6.55 min, (B) represents the chromatogram for Methamphetamine at RT 7.01 min and (C) represents the chromatogram for internal standard Amphetamine-D5 at RT 6.50 min.

Three quality control (QC) samples of concentration 1800 ng/mL (HQC), 900 ng/mL (MQC) and 100 ng/mL (LQC) were used to validate the whole method. The recovery and precision values were within the acceptable limits with recovery ≥ 95% and precision \< 2% (n = 3) for all QC samples in intraday and interday studies.

The calculated amounts of amphetamine and methamphetamine in the injected volume were obtained in nanogram which was multiplied with the dilution factor to get the total amount of amphetamine and methamphetamine in one tablet. The results are summarized in [Table 1](#t0005){ref-type="table"}. As evident from the table, the amount of amphetamine in all the samples ranged from 9.07 to 14.77 mg, whereas, the amount of methamphetamine ranged from 0.12 to 0.24 mg in each tablet. The amphetamine to methamphetamine ratio was calculated to be from 57:1 to 110:1 in all tablets which indicated that methamphetamine could be present as an impurity in these tablets. These amounts of amphetamine were higher as compared to the recommended dose (5--10 mg per day) of amphetamine for the treatment of ADHD.Table 1The calculated amount of Amphetamine and Methamphetamine present in seized tablet samples from different cities.Sample no.AmphetamineMethamphetamineRetention time (min)Calculated amount in one tablet (mg)Retention time (min)Calculated amount in one tablet (mg)A16.614.777.10.24A26.611.357.10.19A36.612.527.10.15A46.611.247.00.16A56.611.457.10.17A66.610.557.10.14A76.613.157.00.14A86.612.237.10.15A96.612.497.10.15A106.513.197.00.12D16.69.077.10.13D26.69.947.00.13D36.611.827.00.14D46.610.977.00.19D56.614.057.10.18D66.612.807.00.17D76.69.277.00.12D86.611.977.00.14D96.611.957.00.13D106.612.587.00.14G16.612.987.00.13G26.612.787.00.14G36.513.877.00.14G46.610.867.00.12G56.611.177.00.13G66.510.167.00.13G76.511.837.00.13G86.69.687.00.13G96.611.437.00.13G106.610.677.00.13

The therapeutic doses of amphetamine leads to a number of cognitive and emotional effects including euphoria, increased wakefulness and changed sexual desire. The physical effects at this dose include short reaction time, increased muscular strength and decreased fatigue. Amphetamine is not used clinically anymore; however, the illicit use of amphetamine has increased over the past several years. At larger doses, amphetamine and related substances are known to impair the cognitive functions and induce rapid muscular breakdown. Very high doses result in psychiatric illness such as delusions and paranoia and leads to addiction. Generally, addiction does not occur with therapeutic doses even given for long term, but the high recreational doses are always associated with addiction. These recreational doses are very high in comparison to the normal prescribed therapeutic doses and have greater chances of toxic effects. Previously, the effects of high doses of amphetamine given for long term was studied on animal models and resulted in producing nerve damage along with abnormal dopaminergic system ([@b0040], [@b0030]). On the other hand, it showed improved brain development and neuronal growth on human beings with ADHD, when given at prescribed dose ([@b0100], [@b0135], [@b0090]).

The Chemometric statistical multivariate analysis, Hierarchical Cluster Analysis (HCA) was also performed on the set of data obtained in order to establish similarities between the tablet samples. Samples were divided into clusters on the basis of amphetamine and methamphetamine content present in them (variables). The results were obtained as a dendrogram tree which is presented as [Fig. 6](#f0030){ref-type="fig"}. The dendrogram tree clearly showed presence of five clusters with different number of samples. The cluster solution was observed as a sudden gap (jump) in the distance coefficient and the solutions which are before this gap were considered as good solution. The first cluster comprised of eight out of thirty samples including D7, D1, G4, G8, G6, D2, G10 and A6 with lesser distances showing much similarity between these samples. Samples under the same cluster signify that these are similar to each other as far as amphetamine and methamphetamine contents are concerned. Generally, the samples separated by lesser distance (\<1) are considered to be similar and having same characteristics and the more dissimilarity increases the distance more. It can be observed that the samples present in the same cluster were separated by lesser distance (\<1), whereas, the five clusters are separated with each other by comparatively larger distances (\>1). The second cluster being the largest one, comprised of 15 samples including G3, G1, A10, G9, G5, G7, D9, D8, D3, G2, D10, A7, A8, A9 and A3, which indicates similar characteristics of these samples and are probably from the same source. Within this cluster, samples G9 and G5, G7 and D9, D8 and D3, G2 and D10 and A9 and A3 are separated by very short distance showing very similar characteristics of these samples. Interestingly, the third cluster comprised of only two samples, D6 and D5 which also were separated with each other by good distance (\~0.7) and larger distances from other clusters of samples indicating different nature of samples probably having different origin. The fourth cluster comprised of four samples, A5, A4, D4 and A2 and surprisingly, the fifth cluster had only one sample A1 which means that this sample was different from all other samples and is separated by other samples at a much larger distance (\>3) and had mush different characteristics than other samples. It may be concluded that the samples present in the same cluster may have originated from the same source or from the same manufacturer and different clusters obtained indicates that different sources are present distributing samples at different places.Fig. 6Dendrogram tree obtained for amphetamine tablet samples using Average linkage (between groups) showing five clusters and distances between the samples.

The illegal trafficking of amphetamine tablets has been a serious problem worldwide and many Middle Eastern and European countries are affected by it. A number of cases of seizure of captagon tablets have been reported from countries such as Saudi Arabia, Jordan, Iraq, Bulgaria, Lebanon, Turkey, Serbia and Yemen during the period 1992--2013 and is still counting. The forensic analysis of these tablets revealed the psychoactive agent amphetamine as the principle constituent, often present with other substances ([@b0010], [@b0045], [@b0015], [@b0060], [@b0110], [@b0070], [@b0160], [@b0155], [@b0050]). The amount of amphetamine varied in different seized tablets when analyzed, which varied from trace quantities to more than one third of the total tablet weight. Earlier, a forensic analysis of captagon tablets seized in Saudi Arabia led to the finding that nearly half of the seized tablets contained amphetamine in trace amount, whereas, the other half contained approximately 38% amphetamine which was highly significant ([@b0045]).

Interestingly, most of the previous studies did not report the presence of methamphetamine in the seized tablets ([@b0095], [@b0080], [@b0025], [@b0125], [@b0055]). However in this study, the analysis of tablets seized from Jazan showed presence of considerable amount of methamphetamine, although it was very less as compared to amphetamine. Nevertheless, the detected methamphetamine in the seized tablets could be considered as marker for its place or country of production and related suppliers. ([@b0165]).

4. Conclusions {#s0060}
==============

Amphetamine and methamphetamine in the seized tablets from Jazan have successfully been detected and quantified using a fast and validated LC-MS/MS method. Total 30 samples from three cities (10 from each city) of Jazan province were randomly selected for the analysis and the results showed the presence of amphetamine as the major constituent in all the tablets in high concentration. Methamphetamine was present in a much lower amount in all the tested tablets as compared to amphetamine which indicated that it may be present as an additive to the tablets and were not aimed to exert any psycho stimulant activity. However, the presence of methamphetamine in the tablets could be used as a marker and could represent the common place of origin of these tablets.
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